
































the	 Palaeolithic	 occupation	 is	 similarly	 derived	 from	 its	 major	 rivers	 (from	 north	 to	 south:	 Douro,	 Tejo/Tagus,	 Guadiana,	 Guadalquivir)	 (e.g.	 Santonja	 and	 Villa,	 2006).	 Within	 this	 context,	 the	 Vale	 do	 Forno
archaeological	sites	(Alpiarça,	in	central	Portugal;	Fig.	1)	provide	the	earliest	and	most	well	documented	human	occupation	in	the	Lower	Tejo	(the	Portuguese	part	of	the	Tejo	basin).	Lower	Palaeolithic	bifacial	sites



























by	 Holocene	 sediments.	 This	 valley	 is	 developed	 in	 a	 low	 uplift	 area	 (<100	 m	 during	 the	 last	 ca.	 2	 Ma)	 with	 some	 subsidence	 in	 the	 present	 estuary	 (reach	 V).	 The	 interplay	 between	 these	 regional	 tectonic
characteristics	and	Pleistocene	to	Holocene	glacio-eustatic	sea-level	changes	has	strongly	influenced	the	formation	of	fluvial	terraces	and	sedimentary	valley-fill	(eg.	Merritts	et	al.,	1994;	Blum	and	Törnqvist,	2000).
The	 high	 amplitude	 sea-level	 changes	 that	 characterized	 the	 Middle	 and	 Late	 Pleistocene	 controlled	 the	 episodic	 down-cutting	 phases	 of	 the	 river	 during	 sea-level	 lowstands;	 these	 alternated	 with	 flooding	 and




the	vicinity	of	Torres	Novas	(Fig.	2).	The	site	of	Santo	Antão	do	Tojal	(near	the	estuary)	 is	considered	especially	 important,	because	dated	fossil	remains	of	Palaeoloxodon	antiquus	and	Equus	caballus	were	 found	 in
association	with	lithic	industries	(Zbyszewski,	1943,	1977;	Raposo,	1995a).	The	study	of	these	sites	has	brought	new	insights	into	the	technology	and	the	typology	of	the	Lower	and	Middle	Palaeolithic.	Further	new
insights	have	been	achieved	by	combining	archaeological,	geomorphological	and	lithostratigraphic	studies.	A	chronological	framework	for	the	lithic	industries	found	in	these	sites	has	been	attempted,	based	on	their



























example	 is	 the	VF1	site,	comprising	a	classic	bifacial	 industry	within	a	 thin	gravel	bed	stratigraphically	 located	 in	a	 lower	sector	of	 the	US	unit.	The	VF8	site	 is	 located	 in	a	stratigraphically	higher	position	and
contains	an	industry	dominated	by	small	to	medium	sized	flake	tools,	but	with	some	rare	bifaces	or	biface-like	tools.	Finally,	another	relevant	industry	has	been	found	at	site	VF3,	on	a	thin	gravel	bed	located	between


































burial	 dose,	 expressed	 in	 Gy)	 is	 determined	 by	 comparing	 the	 natural	 luminescence	 signal	 resulting	 from	 charge	 trapped	 during	 burial	 with	 that	 trapped	 during	 a	 laboratory	 irradiation.	 Dividing	 the	 De	 by	 the
environmental	dose	rate	(in	Gy/ka)	gives	the	luminescence	age	of	the	sediment.	Environmental	dose	rates	are	calculated	from	the	radionuclide	concentrations	(U,	Th,	K)	of	the	sediment.	In	this	study,	the	radionuclide
concentrations	were	measured	by	high-resolution	gamma	spectrometry	(Murray	et	al.,	1987).	These	concentrations	were	then	converted	to	environmental	dose	rates	using	the	conversion	factors	given	by	Olley	et	al.


























































































15	m	a.s.l.+7	m	(a.r.b.) 33	m ca.	9–10	m	m Coarse	to	fine	sands	and	clays Mousterian;	S.	Antão	do	Tojal
T6	terrace	(buried) −4	m	a.s.l.−12	m
(a.r.b.)
ca.	37	m ca.	18	m Very	coarse	gravelly	sands Late	Mousterian;	Santa	Cita














































Horizon Thickness	(cm) Grain	size Colour	(Munsell) Structure Slickensides	pressure	faces Lower	boundary Other	features
Soil	3	(upper)
A1 35 silty	clay 10	YR	5/2 very	coarse	platy	from	sedimentary	laminae common clear	smooth –
Ai 40 silty	clay 10	YR strong	coarse	prismatic abundant abrupt	irregular –
Bw 50 Silt 5Y	6/3 strong	coarse	prismatic – clear	wavy –
Fig.	9	Paleosols	developed	in	the	overbank	deposits	of	the	T4	terrace	US	unit,	at	the	AL1	site (...	at	the	AL1	site	(see	Fig.	4	for	location).).
alt-text:	Fig.	9
Bw 50 Silt 5Y	6/3 strong	coarse	prismatic – clear	wavy –
BCi 95 clayey	silt 2.5Y	6/2 moderate	coarse	prismatic common gradual transition	to	Ai	hor.	of	soil	2
Soil	2	(middle)
Ai 35 silty	clay 10	YR	5/3 strong	coarse	prismatic abundant clear	wavy	to	irregular –
Bw 60 Silt 2.5Y	5/4 strong	coarse	prismatic	to	angular	blocky – gradual	smooth –
C1 70 sandy	silt 2.5Y	6/4 massive – Gradual	smooth –
C2 20–40 silty	coarse	sand 2.5Y	6/4 massive – abrupt	wavy locally	erosive	on	Ai	hor.	of	soil	1
Soil	1	(lower)
Ai 40 silty	clay 10	YR	5/3 strong	coarse	prismatic Abundant clear	smooth –
Bw 25 Silt 2.5Y	6/4 moderate	coarse	angular	blocky – abrupt	wavy abundant	bioturbation




In	contrast,	archaeological	sites	are	numerous	 in	several	stratigraphic	 levels	within	 the	US	unit.	Acheulian	 industries,	containing	“large	cutting	 tools”,	such	as	bifaces,	cleavers	and	sidescrapers	are	present.	Clear	Middle
Palaeolithic	industries,	the	so-called	“flake	industries”	or	Mousterian,	based	on	specific	core	reduction	sequences	(mainly	discoid	or	Levallois),	with	no	relevant	occurrence	of	large	cutting	tools,	are	almost	absent.	In	contrast,	bifaces






























































It	 is	 obviously	 important	 to	be	 confident	 that	 the	pIRIR290	 signal	 was	 well-bleached	 at	 deposition.	 For	 the	 single	 aeolian	 sample	 (132201)	 the	 agreement	 with	 the	quartz	 age	 control	 confirms	 adequate	 bleaching	 prior	 to
deposition.	For	the	fluvial	samples	we	have	two	lines	of	argument.	First	of	all	we	have	taken	two	sand	samples	currently	in	transport	from	the	modern	channel	(102232	and	102263)	and	these	both	give	pIRIR290	De	values	≤	20	Gy,	small











Sample	code Field	code Burial	depth	(cm) U-238	(Bq	kg−1) Ra-226	(Bq	kg−1) Th-232	(Bq	kg−1) K-40	(Bq	kg−1) Water	content	(%)
132201 Almer	1 80 12	±	4 17.4	±	0.4 22.8	±	0.5 808	±	14 5
072226 Azinh-3 60 49	±	8 34.1	±	0.7 46.5	±	0.8 853	±	17 15
102233 SATojal-1 1500 55	±	10 44.2	±	0.9 71.3	±	1.1 710	±	16 9
102272 Atojal-2 2500 18	±	3 21.2	±	0.3 32.9	±	0.4 368	±	8 25
102231 PSabug-2 145 41	±	6 40.2	±	0.7 61.3	±	0.8 875	±	19 18
PC5239 Muge-1 60 30	±	6 20.2	±	0.5 23.0	±	0.5 989	±	18 10
PC5240 Muge-2 100 14	±	3 14.0	±	0.3 18.3	±	0.3 806	±	14 11
132245 VForno-2 50 14	±	6 12.2	±	0.5 14.2	±	0.5 1022	±	20 5
132244 VForno-1 100 14	±	6 17.5	±	0.5 22.3	±	0.6 964	±	18 12
072257 VForno8-2 300 61	±	8 56.6	±	0.9 63.6	±	1.0 829	±	17 15
052216 AM-15 400 13	±	4 16.4	±	0.6 20.0	±	0.6 1054	±	21 22
052222 AM-21 275 24	±	6 19.9	±	1.0 24.6	±	0.9 800	±	29 26
052223 AM-22 375 20	±	4 19.6	±	0.5 14.3	±	0.4 873	±	15 22
132246 VCaval-1 500 17	±	7 21.2	±	0.6 32.6	±	0.7 1003	±	20 8
132202 Atela-2 250 26	±	6 25.4	±	0.5 30.4	±	0.6 907	±	17 11
132203 Atela-3 >1100 28	±	6 18.6	±	0.5 17.5	±	0.6 962	±	19 10
102226 VgPeso-1 700 18	±	7 13.8	±	0.5 21.8	±	0.6 798	±	16 10
102263 Ptmuge 30 21	±	3 24.5	±	0.3 28.8	±	0.4 1125	±	17 20





Site NLL	and	field	code Altitude	(m) Lithology	and	Lithostratigraphic	unit IR50	De	(Gy) pIRIR290	De	(Gy) pIRIR290	2*Do	(Gy) Dose	rate	(Gy/ka) n Age	(ka)
Almeirim 132201 22 Aeolian	medium	sand 42.6	±	1.5 60.7	±	1.9	(Q) - 3.18	±	0.14	(Q) 12	(Q) 19.1	±	1.1	(Q)
Almer-1 Carregueira	formation 81.6	±	1.7	(FK) 4.00	±	0.15	(FK) 6	(FK) 20.4	±	1.1	(FK)
Azinhaga 072226 16.4 Pebbly	coarse	sand 102	±	7 181	±	8 - 4.64	±	0.16 18 39	±	2
Azinh-3 T6	(top)
Sto.	Antão	do	Tojal 102233 6.5 Medium	sand 155	±	9 399	±	10 - 4.93	±	0.19 12 81	±	4
SATojal-1 T5	(top)
Sto.	Antão	do	Tojal 102272 5.5 Silty	clay 104	±	11 200	±	35 – 2.66	±	0.10 6 75	±	14
Atojal-2 T5	(top)
Porto	Sabugueiro 102231 9.0 Coarse	sand 170	±	11 375	±	28 - 5.03	±	0.18 6 75	±	6
PSabug-2 T5	(top)
Rib.	Muge PC5239 13 Medium	to	fine	sand 259	±	16 426	±	12 846	±	66 4.57	±	0.20 9 93	±	5
Muge-1 T5	(top)
Rib.	Muge PC5240 12.6 Medium	to	fine	sand 235	±	5 355	±	13 838	±	14 3.81	±	0.16 6 93	±	5
Muge-2 T5	(top)
Vale	do	Forno 132245 33.5 Medium	sand 410	±	20 685	±	25 861	±	14 4.44	±	0.20 3 154	±	10
VForno-2 T4	(US	topmost)
Vale	do	Forno 132244 33 Medium	sand 370	±	30 661	±	24 1042	±	25 4.19	±	0.18 6 158	±	9
VForno-1 T4	(US	topmost)
Vale	do	Forno 072257 31 Fine	sand 490	±	20 1011	±	71 1022	±	55 5.03	±	0.18 3 201	±	16
VForno8-2 T4	(US	middle)
Vale	do	Forno 052216 15 Coarse	sand – 1130	±	90 963	±	10 3.64	±	0.13 3 >270
AM-15 T4	(US	base)
Quinta	dos	Patudos 052222 34 Coarse	sand – 1330	±	270 1048	±	45 3.53	±	0.12 3 >300
AM-21 T4	(US	middle)
Fonte	da	Burra 052223 5.0 Coarse	sand – 1180	±	50 984	±	42 3.64	±	0.12 3 >270
AM-22 T4	(US	base)
Vale	de	Cavalos 132246 23 Medium	sand – 1700	±	60 926	±	15 4.59	±	0.21 2 >200
VCaval-1 T4	(US	base)
Vale	de	Atela 132202 33 Medium	sand – 1170	±	70 784	±	20 4.29	±	0.18 3 >200
Atela-2 T4	(US	top)
Vale	de	Atela 132203 19 Pebbly	medium	sand – 1500	±	290 879	±	37 4.00	±	0.18 3 >200
Atela-3 T4	(LG	middle)
V.	geodésico	Peso 102226 71 Gravelly	coarse	sand – 1600	±	50 1170	±	40 3.85	±	0.14 3 >304
Vg	Peso	1 T1
Porto	de	Muge 102263 3.0 Medium	sand 3.6	±	1.1 0.81	±	0.14	(Q) - 3.85	±	0.15	(Q) 12	(Q) 0.21	±	0.04	(Q)
Ptmuge Modern	river	bed 15.36	±	1.02	(FK) 4.62	±	0.16	(FK) 15	(FK) 3.32	±	0.26	(FK)
Porto	Sabugueiro 102232 4.0 Coarse	sand 2.7	±	0.3 0.57	±	0.12	(Q) - 3.52	±	0.13	(Q) 34	(Q) 0.16	±	0.03	(Q)
PSabug-3 Modern	river	bed 20.5	±	2.5	(FK) 4.24	±	0.14	(FK) 6	(FK) 4.83	±	0.63	(FK)
To	constrain	the	artefacts	stratigraphically,	most	of	the	samples	were	collected	in	T4,	at	the	Vale	do	Forno	and	Vale	de	Atela	sections	(Fig.	4).	Others	samples	were	collected	in	outcrops	of	T5	(Figs.	3	and	16),	one	sample	in	the
aeolian	sands	of	the	Carregueira	Formation	and	two	samples	from	the	river	bed	(modern).	The	luminescence	dating	results	are	all	summarised	in	Tables	3	and	4
































































Previous	studies	 in	the	Alpiarça	area	 linked	the	T4	US	unit	 to	 the	Late	Riss	 to	Early	Würm	period	of	 the	Alpine	chronology	 (i.e.	ca.	150	 to	70	ka).	This	chronology	was	mainly	based	on	 the	 technical	and
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• Evidence	for	Palaeolithic	human	occupation	derived	from	the	T4	river	terrace.
• Artefacts	from	Lower	Gravels	unit	to	Upper	Sands	unit	reveal	evolving	Acheulian	industry.
• New	OSL	dates	suggests	Lower	Gravels	unit	to	Upper	Sands	unit	time	periods	span	335–325	and	325–155	ka.
• Suggests	human	occupation	is	older	than	the	initial	Late	Pleistocene	interpretation.
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